This study investigated the effects of predistention with normal saline containing adrenaline on vascular plexus injury during epidural catheter placement. Three hundred parturients undergoing caesarean sections were randomly divided into three groups. Group I (n = 102) received an epidural injection with 5 ml normal saline; group II (n = 93) received 5 ml normal saline containing adrenaline (5 µg/ml); group III (n = 100) received direct epidural catheter placement. Five women were excluded from the analysis for technical reasons. The incidence of bloody fluid in the epidural needle was significantly lower in groups I and II compared with group III (eight [7.8%] and seven [7.5%] versus 17 [17.0%], respectively). There were no significant differences in the incidence of bloody fluid in the epidural catheter or in the incidence of intravascular epidural catheter placement between the three groups. Predistention with 5 ml normal saline before catheter insertion reduced the incidence of blood-vessel injury during epidural catheter placement, but adrenaline provided no additional protective effects.
Introduction
Continuous epidural anaesthesia can provide a prolonged anaesthetic effect that can be used in many types of surgery. 1 -3 Epidural catheter placement is the technical method that the anaesthesiologist uses to administer additional local anaesthetic drugs and maintain the duration of anaesthesia during the surgical procedure. There is, however, an extensive vascular plexus in the epidural space and the blood vessels are easily injured during epidural catheter placement. Most importantly, an epidural vascular plexus injury can develop into an epidural haematoma, which may compress the spinal cord and lead to serious neurological complications. 4, 5 Studies suggest that the incidence of epidural vascular plexus injury may be reduced by injecting a 'priming' dose of local anaesthetic or normal saline through the epidural needle before catheter insertion, to increase the epidural space. 6, 7 
Effects of saline-adrenaline predistention on blood-vessel injury
Since adrenaline has a significant vascular-constricting effect that might help to reduce vessel injury and can be mixed with local anaesthetics, 6 the present study investigated the effect of predistention with normal saline containing adrenaline on rates of vascular plexus injury, during epidural catheter placement in parturients undergoing caesarean section.
Patients and methods

STUDY POPULATION
The study was carried out in the Department of Anaesthesiology, The First Affiliated Hospital of Nanjing Medical University, Nanjing, China, between February 2008 and April 2010. Parturients of American Society of Anesthesiology physical status ASA class I -II, 8 with singleton cephalic presentation at term and no obstetric or medical complications, who were in active spontaneous labour and requested epidural analgesia, were enrolled. Epidural anaesthesia was performed after the women provided written informed consent and normal platelet counts and coagulation examinations had been confirmed. Women with any of the following conditions were excluded from the study: pregnancy-induced hypertension syndrome; pre-eclampsia; obesity (body mass index > 35 kg/m 2 ); a history of drug or alcohol abuse or heavy smoking; hepatic or renal abnormalities; coagulopathy.
The study protocol followed the Declaration of Helsinki and was approved by the Ethics and Research Committee of Nanjing Medical University.
STUDY DESIGN AND ASSESSMENTS
Parturients were randomly assigned, according to a computer-generated randomization schedule, to one of three groups before epidural catheter placement.
Group I received normal saline 5 ml, via an epidural injection; group II received normal saline 5 ml containing adrenaline 5 µg/ml, via epidural injection; group III received direct epidural catheter placement without any predistention treatment.
In all parturients, the epidural catheter was inserted 3 cm into the epidural space through a puncture needle. All of the women were placed in the supine position after the catheter was fixed to the skin. After 5 min, lidocaine 1.5% (given as a 3 ml test dose) and ropivacaine 0.75% (10 -20 ml, given as the main dose) were administered through the epidural catheter to produce analgesia at the T6 vertebra. Haemodynamics were maintained by fluid expansion and vasoactive drugs.
The incidence of bloody fluid in the epidural puncture needle during puncture, or in the epidural catheter during catheter placement, and fresh blood in the epidural catheter, were recorded.
STATISTICAL ANALYSES
To detect a reduction in levels of epidural catheter displacement from 30% to 11% in the treatment group, 90 parturients per group were necessary to reach a power of 90% with a two-sided χ 2 -test at α = 5%.
Statistical analyses were performed using the SPSS ® software package, version 11.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Data are expressed as mean ± SD. Parturients' characteristics were analysed using one-way analysis of variance. Qualitative data were analysed using the χ 2test or Fisher's exact test. A value of P < 0.05 was considered statistically significant.
Results
A total of 300 parturients undergoing caesarean sections participated in the study. Five women were excluded from the analysis C-B Han, L Yu, Y-N Qian et al.
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because of difficulties experienced during the epidural puncture procedure. No significant differences were found in the baseline demographic data in the three groups ( Table 1) .
The incidence of bloody fluid in the epidural needle was significantly lower in groups I and II compared with group III ( Table 2 ). There were no significant differences in the incidence of bloody fluid in the epidural catheter, or in the incidence of intravascular epidural catheter placement between the three groups.
Discussion
The epidural space is a space outside the spinal cord that is filled with soft connective tissue, adipose tissue and an extensive venous plexus. The walls of blood vessels that form the venous plexus are thin and easily injured by an epidural catheter. It has been reported that the epidural vascular plexus is more easily injured by epidural catheter placement than by the epidural puncture itself. 7,9 -14 Data presented as mean ± SD. No statistically significant between-group differences (P > 0.05); one-way analysis of variance. During placement of the epidural catheter, resistance is often experienced due to the presence of adipose tissue and the venous plexus in the epidural space. The catheter will change direction in the presence of adipose tissue but, for the venous plexus, it may injure the vessels or even lead to intravascular cannulation. Giving a priming dose of normal saline before catheter placement can form a 'volume mass' in the potential epidural space and artificially produce a substantial space. As a result, a priming dose should reduce the incidence of venous plexus injury. Thus, the present study investigated the following: (i) bloody fluid in the epidural needle, which suggested that the injured vessels were close to the epidural needle; (ii) bloody fluid from the epidural catheter, which suggested that the injured vessels were slightly further away from the epidural needle; and (iii) fresh blood from the epidural catheter, which suggested direct intravascular catheter placement.
TABLE 1: Baseline demographic and clinical characteristics of parturients who underwent caesarean section with epidural anaesthesia and received predistention treatment with epidural injections of 5 ml normal saline (group I) or 5 ml normal saline containing adrenaline 5 µg/ml (group II), or had direct epidural catheter placement without any predistention treatment (group III)
Group I Group II Group III
A previous study analysed 1427 women undergoing caesarean sections with epidural anaesthesia in eight clinical centres and found that the incidence of blood-vessel injury was 12.9% (77/595) compared with 6.4% (53/832) after predistention with epidural space fluids before catheter insertion. 10 Evron et al. 7 found that predistention with 5 ml of normal saline was more effective than 2 ml of normal saline, with regard to epidural bloodvessel injury. A volume of 5 ml was chosen in the present study to determine whether there were any significant differences after 5 ml normal saline was coadministered with 5 µg/ml adrenaline; differences between the two groups were not, however, statistically significant.
It is traditionally believed that adrenaline administered into the epidural space can constrict blood vessels and delay the uptake of local anaesthetics from the epidural space; 15 -17 thus, in theory, this approach may reduce the incidence of vascular plexus injury. Studies have shown, however, that small veins or the vascular plexus in the epidural space show no significant narrowing in diameter with epidural adrenaline administration (5 µg/ml or 2.5 µg/ml). 18 -20 This may be the main reason why preinjection with normal saline containing adrenaline was not superior to normal saline alone in the present study.
In conclusion, epidural predistention with 5 ml normal saline and 5 µg/ml adrenaline did not reduce blood vessel injury more than predistention with 5 ml normal saline alone, during epidural catheter placement.
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